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PREFACE. 
'rhe following bulletin is based upon the results of investi· 
gations -.1n clarification carried out by the author in the lab· 
oratory and sugar house of the Sugar Experiment Station, pre· 
liminary reports on certain parts of which work have already ap· 
peared in the scientific press. It has been endeavored to make 
t.he bulletin as full and complete as possible, while being .at the 
same time not over-burdened with ·detail. It is 4oped that it will 
prove to be of interest and value to the sugar industry 9f tho 
tate. 
1'he thank of the author are .due to Messrs. I-I. P. Agee, S. G. 
hiquelin, W. L. Owen and W. G. Taggart for helpful sugges· 
tions during the course of the experiments, and to Mr. Taggart 
also for valuable assistance in the earlier analytical work. The 
kindly suggestions of many gentlemen connected witli the indus-
try in the State are also acknowledged with gratitude and ap· 
preciation. 
WM. E. CROSS. 
Audubon Park, New Orleans, La., April 2, 1914 . 
. : . i, 
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THE CLARIFICATION OF LOUISIANA CAN E JUICES. 
HAFTER J. 
THE SULPHITA'rIO PRO ESS. 
The sulphHatjon p1·0 ess js at one an efficient and inexpen-
sive method of juice clari£cation for the manufacture of raw or 
White sugars. It is less thorougl1, from a chemical point of view, 
~han the carbonation process; and this difference shows itself 
in the difficulty of filtering the yrups, and in the color and 
qua li ty of the fil'st molasses and of the after-products in gen-
~l'a l. Neverth less, the sulphitation proce is capable of yield-
ing th e highest r sults . pecially with white cane. For purple 
~ane it has not been found so good, as some of the purple color-
lllg matter of the rind is u nally fonnd in tl1e expressed juice, 
~ltd this is not l'emoved by this method of clarification. There 
is, therefore, a distinct advantage in the u e of the white D U in 
the manufacture of white sugar by the sulpbitation pro ess. 
The method as carried on in Lonisiana is different from the 
Java p1·ocess, in that in this State the juice js first sn lphured and ' 
then 1im d, "·hil in Java· th liming of th raw juice is the first 
Operation. Without going into d tail ' th J Ava method consists 
of beating the raw juice to 40°-60° (some hous s favoring the 
lower, and som the hiO'h r tempe1·atur ) , and then sulphuring in 
tanks until a point of n utrality is reached. It i an interesting 
i~estion as ~o whi c~ of the two methods i~ best for ~ouisiana. 
any expel'rn1ents 111 th e lahowitorv and rn the station sugar h~use fai led to . establish 1my Adva;1tage for the Java method 
With the local c1me und r normal conditior. , while several dis-
nclvantages were obs r·ved. In the first place, the process is les$ 
Co f 
1 n inuous tlr
nn the Louisiana method, as the u e of a sulphur 
10
:x is prohibited by the n ces ity of sulphuring to a certain 
a. finite reaction. Then again, th Louisiana juices are much 
h~ . ' 
, er m ghicose than those of Java. and so the risk of the decom-
~osition of this substan e by the lime, an alma t negligible factor 
1 ~ Java., is one of some erion ne . Onr experiments showed that 
4 
the liming of the raw juice at 60°0 caused a considerable dark-
ening of the juices after clarification; indeed 40-45°0 was 
found to be the highest temperature at which this darkening 
could be avoided. Even at this temperature a certain loss of 
glucose sometimes took place. For this risk of glucose loss, and 
()f darkening of the cJarifi ed juice, no compensating advantages 
r.ould be found. It thus appeared that the usu& Louisiana 
method was the most suitable for normal juices. Under certain 
abnormal conditions, however, the method of liming first might 
he employed with adv•antage. 
8.ulphitring. 
Tn attempting to decide to what degree of acidity the raw 
.iuice should be sulphured to produce the best results, several 
factors come up for consideration . In the manufacture of raw 
. u~ars it is doubtful if there is any advantage in carrying the 
sulphudng beyond the point necessary to obtain a good, hard 
filter-press cake. In white sugar manufacture, however, a greater 
sulphuring is desirable. With heavy initial sulphitation a larger 
bulk of pr cipitate is obtained, and the clarification is conse-
ouently more thorough. Again, th~ heavy sulphuring will yield 
n clarified juice with a hiah content of calcium sulphite.~ 'rhis is 
advantageous upon two grounds. In the first place, the greater 
the amount of calcium sulphite or other neutral salt in solution, 
t he less will be the danger of inversion with the considerable 
acidity usually carried in the white sugar process. Secondly, 
calcium sulphite is possessed of slight reducing properties, and 
its pres nee thus helps to maintain the permanency of the decol-
oration produced by the sulphitation. · 
A consideration of the economical maximum sulphuring is 
' unneeessary with the Louisiana method, because of the limited 
nmount of sulphur it is possible to introduce into the juice under 
ordinary factory conditions. It may b said, therefore, that for 
whit sugar manufacture the sulphuring should be canied as 
far as possible. 'l'he maximum practicable in most houses is that. 
orr sponding to about 8 ccs acidity, and very excellent results 
can be expected with this amount, a hard filter press-cake and 
light, mobil juices being obtained. 
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Occasionally juices have to be worked which require a higher 
sulphuring before good clarification and a really firm filter 
Press-cake is obtainable. This is the case with very green can!)s, 
and sometimes also with sour canes. The experiments with 
such juices showed that the method of liming first-which allows 
of the liming and therefore the sulphuring being carried to an 
unlimited degree-was sometime better than the ordinary 
method. W:itb some juices of this kind :it was necessary to lime 
to 12 ccs. alkalinity in order to obtain good clar:i£cat:ion and a 
firrn press-cake. 
The sulphured juice contain. a large amount of matter in 
suspension, and we have made many attempts to devise a suita-
ble method of removing this precipitate at this stage of the 
Process. The composition of the substance (air-dried) has been 
shown to be as follows: 
Moisture ........................ ·· 
Fat and Wax .............. .. ..... . 
Protein ................ .. ........ . 
Ash and Earth Matter ............. . 
Crude fiber ...................... · · 
Gums, etc .................... ····· 
4.07% 
32.57% 
23.63% 
9.48% 
8.05% 
22.20% 
. Our experiments established the fact that a sensible increase 
·in Purity is obtained if this precipitate is removed, and, moreover, 
that the dried precipitate would form a source from which cane-
wa:x: could be easily and perhaps profitably extracted. It was 
I.lot found po sible, however, to devise means for the ,removal of ~he sulphur precipitat11 on a large cale. Filtration was found 
!;1Practicable, the cold sulphured juice filterina only very slowly. 
he Precipitate wao; easily s parated off by centrjfugalizing, 
frornising results being obtained in the laboratory and with a 
~l'ger centrifugal apparatus. It would therefore appear that 
t e solution of this problem may be one of the important results 
of the perfection of a centrifugal juice-settler wlwn this is 
achieved. . · 
6 
Liming Back. 
'l'he sulplmred Juice is next limed back to a suitable final 
ac idity. In raw sugar manufacture a flnal acidity ( t) of .2 or 
.:{ ccs. to phenolphathalein is best, as there is no advantage in 
liaving the syrups and sugars Jight in color. For the manufac-
ture of ~1·hite sugar a higher final acidity is desirable for seV-
e.ral reasons. In the flrst place, a distinctly acid juice is o:f a 
iight ye]Jow color, and yields a correspondingly light syrup and 
rnassecuite. Secondly, th e milk of lime used is liable to contain 
particles or small lumps, which will only go into s01lution when 
the juice is ]1eated. If, therefore, the juice were limed to verY 
near neutrality, the subsequent dissolving of these particles 
might caus it to become alkaline, and thus seriously affect the 
color of th clarified juice. 
In this connection it must be stated that great care should 
be taken in white sugar manufacture that a good quality of lirne 
is used, and that the cream is smooth and entirely free froIO 
unslaked particles, or lumps of any kind. The use of lime creaJl'l 
containing such lumps intrnduces an element of uncertainty into 
the clarification process which js entirely unnecessary. 
When good milk of lime· is used the difference in reaction 
between th e cold tempered and hot filtered juice is very slight-
nne 01· two tenths of a cubic centimeter; with inferior lime 
~ream it may be much greater. 
'l'he problem as to the most suitable point of acidity to which 
the sulphured juice should be limed back · is simplified by the 
fact that at the point of litmus neutrality, i. e., about .8 to 1.00 cc. 
acidity to phenolphthalein, th e settling of the muddy juice is 
most rapid and complete. Moreover, this final acidity is suitable 
from other points of view: it is sufficiently far removed froJl'l 
alkalinity to avoid the danger of the juice becoming alkaline in 
hoiling; the juice will be sufficiently acid to . hav·e the light 
yellow color characteristic of acid juices, and not so acid as to 
entail the risk of inversion. 
A much higher final acidity is not desirable when making 
white granulated because it is much more difficult to get a small 
<t> "Acidity" Is defined ns a number of cubic centimeters of decl n.wma~ 
sodium hy drate solution requlr d to neutralize 10 cc. of a juice, etc., uslfl 
phenolphthalein as an Indicator. 
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hard grain if the juices, etc., are too acid. F .or soft white 
sugars, yellow clarified, etc., a higher a,cidity is often carried 
With good results. The effect of the higher acidity is to give 
a still lighter color to the juices, syrups, etc., and consequently 
to tlie unwashed 'su~ar and molasses. 
Inversion. 
A question of much interest is as to what acidity it is safe 
to carry under sugar hou e conditions, without sensible loss of 
ilUgar by inversion. Thi has been tested out by a number of 
very careful laboratory and sugar house experiments, with in-
tPresting results. Tlrn juices were clarified 1n the usual way, 
being sulphured to various degrees of° acidjty anct then limed 
back to suitable final acidities, boiled and filter d. 200 cc. of 
the juice would then be taken, and evaporated during twenty 
lllinutes under a vacuum of twenty inches of mercury. There-
after the syrup would be washed back into the 200 cc. flask, and 
all traces thereof removed from the evaporating fl.ask .by repeated 
Washings- the wash water being added to the syrup in the 200 
cc. flask. Analyses of the juice before and after heating could 
then be made comparatively. The results in Table I were ob-
tained in this way. 
TABLE I. 
(Glucose per cent.) 
In1t1~ I I Final Acidity ( ccs.) 
2.0 I 2.50 I 3.0 I a.5 I 4.0 Acidity I I I ~ 1. 1.5 
cc. IB ~0~1~atlng... . 2.35 2.48 2.42 2.74 2.52 2.24 ..... 
1------1--------------
--/Aft r heating .... . 2.37 ~~~~~-· ·_·_· ·_ 
5 
cc. !Before heating .... 2.56 _·_··_·_·· ~ 2.64 ~~~ 
--/Arter heating ..... 2.5 6 =:..:_~~~~~ 
cc: /Betor heating.... 2.2 6 =:..:,~ 2.51 ~~-· ._._· ._ 
jAfter heating. .... 2.2 4 . . . . . . 2.5 5 2.51 2.22 2.70 . .... 
--1-------1---------------------
s cc. IB fore heatlng . ......... _· ._._· ._. ~ ~ ~ ~ ~ 
-- jAfter heating.... . . . . . . . . . . . . . 2.57 2.85 . 2.46 2.68 2. 63 
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From the table it is seen that quite appreciable inversion was 
noticeable with 3.0 -0cs. acidity, where the initial sulphuring was 
only 4 cc., but that this inversion. became smaller where the 
initial sulphuring was greater. Similar results were obtained 
with final acidities 3.5 and 4.0 cc., where hig.her preliminary sul-
phitation had been given. This was interesting in confirmation 
of the theory that a heavier initial sulphuring means a greater 
amount of neutral sulphite in · solution, and consequent reduced 
risk of inversion. This bas long been known as an empirical 
fact among some planters, and has been shown by Deerr and 
others to be based upon scientific theory. 
By a series of tests made in the laboratory, under conditions 
approximating those of the sugar house as far as possible, an 
attempt was made to discov·er what acidity might be considered 
''safe'' from the point of view of inversion. In these experi-
ments the juices were suitably clari·fied, and thereafter evap-
orated to syrup and massecuite under constant conrfitions of 
vaacuum. The time of boiling from juice to syrup was one 
hour; from syrup to massecuite, . three hours. The syrup and 
massecuite samples were diluted as might be necessary for analy-
sis, the glucose ratio .being the only factor it ·was desired to inves-
tigate. 
Table II gives the results obtained. 
rS (/J 
5 oc. 
5 cc. 
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TABLE II. 
:.: Cl ;., 
"" 
o! ... 
i:tl ;a 'ij..,., ., 
""'<J < :: Sample "' <I>< . "' 0 
"' -
.§ 0 0 Cl 
... 
a; < 
Cl 
..:I ... 
::> 
00 
I ' A 
1.0 cc. . . ...... Juice .. .. . .. ... . .. .. .. ... . 
' 'Syrup ... . .. . ... . ........ . 
9.55 
25. 7 
41.8 Masse.cu I te 
B 
Juice . . . . . . . . . . . . . . . . . . . . . 7.75 
Syrup .. . . . . . . . . . . . . . . . . . . 26.5 
Massecuite . . . . . . . . . . . . . . . 35.6 
A 
1.5 cc. . ....... Juice .. . . . . . • . . . . . . .. . . . . . 7.15 
Syrup ... . . . . . . . . . . . . • . . . . 33.0 
Masseculte . . . . . . . . . . . . . . . 13.5 
B 
Juice 
···· ··· ······ ·· ·· ···· 
8.60 
33.3 
~ 
Syrup 
·· ······ ······ ····· · 
5 cc. 
A 
2.0 cc . ........ Juice 
···· ··· ····· ····· ··· 
9.45 
Syrup 
···················· 
31.10 
Masseculte 
········· ······ 
30.4 
B 
Juice 
·· ··········· ·· ··· ··· 
9.6 
__ 1 Syrup ...... ... ········· ·· 
27.5 
Masseculte . ····· ··· , ... ... 23.5 
5 cc. 
A 
s.o cc. ... ... .. Juice 
.. ···· ··· · .. ·· ······· 
11.l 
Syrup ..... ··· ·· ···· · .. ... 32.3 
r Masseculte ··· ·· ... .. .. ... 84.45 
B 
-Juice ..... .. ... .. ··· ······ 9.6 
Syrup ... . ... ·· ····· ... ... 28. 95 
--~ Masseculte ············ ... 
30.1 
5 cc. o. cc. 1.5 cc. Juice 
·· ··· · ··· ··· .. ··· ··· · 
9.8 
Syrup 
.. . ···· ········ ·· ··· 
36.8 
~ Masseculte ···· ······ .... . 
31.8 
I 
., ., 
., 
., 0 
0 0 :;J 
Cl ~ &! :::i 6 Cl 
2.27 2S.8 
7.8 23.4 
1.89 24.S 
6.43 24.3 
8.48 23.8 
1.66 23.2 
3.13 23.2 
2.32 24.0 
8.0 24.0 
2.12 22.4 
7.11 22.9 
6.73 23.1 
2.11 21.9 
6.49 23.6 
4.73 22.5 
2.27 20.4 
6.87 21.S 
7.45 21.6 
2.0 20.8 
6.25 21.6 
6.67 I 22.2 
I 
2.4 
I 
24.4 
8.97 24.3 
7.8 24.5 
1 () 
TABLE II-Continued . 
.>!. 
>. .. t> 
"' 0 
.. ... ~b Ul (l:l ;a Q) Q) ~ 0 
'g ~ . ;o Sample "' "' ~! 0 8 ., _ .... E o 0 t> t> ::I 
~ ... ~< ::l a s Ul ._ 
l A 5 cc. 0. cc. 2.0 cc. Jule . ... .... ..... ······ .. 9.75 2.S 23.5 
Syrup 
........... ··· ·· · ... 31.3 6.75 21.s 
Masseculte ... ....... .. ... 31.7 7.22 22.4 
B 
I Juice ............... ..... 7.1 1.66 23.4 Syrup ... ..... .. ... ....... 39.7 8.92 22.4 
I Masseculte .. ... ... ....... 31.65 7.33 23.0 
-
A 
5 cc. 0. cc. 3.0 cc. Juice . ................... 11.0 1. 75 15.9 
Syrup ... ... .......... .... 37.85 6.56 16 .3 
Masseculte ............... 44.1 7.92 17.9 
I B Juice. ................ . ... 9.07 1.49 16.4 
I Syrup ..... , .............. 37.85 6.16 116.S 
I Masseculte .. ... ··· ·· ..... 34.8 6.25 17.9 ~ 
The clarifications were made as indicated in the table; tn in-
vestigate the phosphoric acid acidity a neutral clarification was 
employed and the requisite amount of diluted phosphoric acid 
added to the clear filtered juice. The results indicated the be-
ginning of serious inversion with an acidity of 2 cc. in the case 
of the sulphur acidity, and somewhere between 2 cc. and 3 cc. 
in the case of pho phoric acid. This is in line with theory, by 
which pho phoric acid is not so strongly ionized as sulphurous 
acid. 
From sugar hou e experiments conducted along the sarne 
lines, it appeared that no measurable amount of inversion oc-
curred with 1 cc. final acidity, but that there was a distinct risk 
of inversion if an acidity of 1.5 cp. were carried. 
The Final .Acidity. 
We have thus seen that there are many reasons why, in the 
manufacture of plantation granulated, it will not be desirable 
to carry too high an acidity. On the other hand, if yellow clari· 
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fied first sugars and high grade molasses are to be turned out, 
it is often desirable to carry an acidity of 1.5 to 2 cc., the • 
Possible loss of sucrose by inversion having only a slight effect 
on the yield of sugar, and being more than offsAt by the light 
colored molasses obtained. In determining the acidity to be 
carried, however, the pos ibility of the excessive sulphur dioxide 
Passing into the condensed water of. the effects during evapora-
tion-:with p~ssible serious corrosion of the bra.<is tubes-should 
not be lost sight of. This <langer has not received ·much atten-
tion in IJCmisiana, but r ecent work in Java has emphasized its 
importance. . 
The final acidity of the juice houl¢1. be carefully controlled 
by the clarifier man for each clarification, the cold limed juice 
being tested by the simple chemical acidity test, and the rapidity 
· of settling pf the boiled juice -also noted by allowing a small 
quantity to stand in a test tube. In this way, the amount of 
lime added to the sulphured juice will be cientrncal1y regulated. 
'1.'he final aciaity is of so much importance in clarification 
~o:r white sugar manufacture, that any method of continuous lim-
ing is of doubtful value. We have found it very -difficult to 
r.ontrol within the requisite narrow limits. Tnis is similar to 
~avan experience, which has shown that by continuous sulphur-
ing of the limed juice "it is impossible to secure a proper and 
regular process." (Harloff.) 
. After sulp.huring and liming the juice is heated to coagulate 
~inpurities. This heating is usually carried out by means of 
Juice heaters, but it is recommended in Java (1) that the tem-
perature should be brought to a point no higher than 90° C. m 
tlie heaters, and thereafter that the juice should be boiled for 
a few minutes in open pans. For this method two advantages 
are claimed: the incrustation of the tubes of the heaters ls 
largely prevented, and a more thorough coagulation of the im-
Purities and consequently better and more rapid settling is oh· 
tained. . 
..____ 
(1) Harloft : Pl anta tion White Sugar Manufacture. 
l~ 
Treatment of Scmns. 
A method common in raw sugar manufacture is that of adding 
lime to the scums to promote better filtration. We have found 
this procedure to have an undesirable effect on the juice in-
tended for white sugar making. The acidity of tne scums will 
not be more than 1.0 cc. and a comparatively small amount of 
lJme is sufficient to neutralize this and give the juice an alka-
line reaction. Any alkalinity in the hot juice will result in 
the glucose being attacked by the free alkali with the produc-
tion of dark colored substances which seriously affect the ·color 
of the ·whole juice. Even if lime is added in such small pro-
portion as to leave the juice with a positive though reduced' 
acidity, the effect on the color is marked, and the addition of 
the press juice to the whole juice will result in lowering the 
acidity and increasing the color. It may be pointed outi. more-
over, that the large bulk of precipitate resulting from heavy 
sulphuring should ensure the easy working of the filter presses 
and the production of a hard cake without the addition of lime 
to the scums. Indeed, as we have pointed out, if a hard cake 
is not to be obtained in this way, it will be an indication that 
the juice is not being sulphured sufficiently. 
Fi0r the production of a high grade of white sugar to be 
possible, the clarified juice must be absolutely free from sus-
pended matter when it is taken into the effects. This is attain-
able by simply settling the juice, 'but the fact that we frequently 
get clarifications which do not settle so well as they should do, 
makes it desirable to have some unit in our system by which 
such errors of settling or clarifying can (automatically if pos-
sible) be rectified. This is best ·done by allowing all the clarified juice to pass through mechanical filters. Such filtration of the 
total juice we regard as indispensible in white sugar manufac-
tur . Even if the best clarification or settling is usually obtained, 
the mechanical filter stands as an insurance against occasional 
error. 
everal methods of after-treatment of the settled juice are in 
use, their main purpose being to correct any decrease of acidity 
during the boiling a~d settling process and to give the clear 
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juice a somewhat increased acidity (up to 1.2 to 1.3 ccs.) with 
consequent improvement in color. This is accomplished by the 
«ddition of phosphoric acid to the juice, or by submitting it to 
a second (slight) sulphitation. Care should be taken, however, 
that the acidity is not brought to the point where inversion may 
2·esult. 
Lime Content of Cla1-ified Juices. 
In connection with our work on clarification a study was 
l11ade of the lime content of juices. Taking, first of all, the 
ordinary defecation process, samples ()f a juice were limed to 
various resultant acidities. Determinations of the lime content 
of the different samples showed that the percentage of lime in 
the juice increased as more lime was added, i. e. , as the neutrality 
Point was approac,hed, or a point of greater alkalinity reached. 
Raw Julca Limed to Final Acidity. 
No lime ................. . ........ .... . ........... . . 
l.5 cc ............ . ................ . .... .. ........ . 
l .O cc .. . .. . ............ ...... ........ .. .......... . 
.5 cc ............................................ . 
N utra llty ... .... . . ... .. .... ... .. ... .............. . 
.5 cc. Alk .. . .. ...... .. ......... ... . ........ . ..... . 
1.0 cc. All< ... > .... ... .•. •.. . ..... •• •. •.... ..•• •.••. 
Gms. Cao 
per 100 cc. 
Clarified Juice 
(x) 
.065 
.089 
.085 
.087 
.094 
.115 
.119 
. Experiments also showed that the same ':vould apply if the 
~nice had been sulphured before liming. In one case the same 
-l?ice was sulphured to 5 ccs. acidity, and various amounts of 
lnne added to different samples to give them different final 
acidities. The following were the results obtained: 
CLARIFIED JUI CE. 
I Gms. CaO Flnal AcJalty. per 100 cc. (x ) 
4.0 cc . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . • . . . . . .096 
3.5 C'C • ••• ,.......... .. . ... . .. • • • • • • • • • • • • • • • • • • • • • .106 
3.0 cc........... .... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . .128 
1.2 cc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .136 
.5 cc .... . .. . .......... .. ............ .. ....... . .... .148 
.2 cc. Alk ... .. ... . .. . ..... . ...... ........ . . .... . '.. .179 
.6 cc. Alk.. . ......... .. ... . ...... . . . .. ....... .... .189 
1.1 cc. Alk.. . ... .. ... .... . ... . .. .. ... .. .. . .. . . . ... .214 
---------------------'·~-~--(x) Reduced to the basis of H Brix for uni form ity. 
In another experiment th e same juice was sulphured to 8 
ccs. an d limed back. 
CLARIFI ED J U I CE. 
F ina l Acidity · , . Gms. CaO 
p r J 00 ce. 
~-----------------------------
6.5 CC' ••••••• . • . ••••••••••••••• • ••••••••••• • .•• • .. • • I 
!:~ ~~:::: : ::::: ::: :::: : ::::: :.: : : : : : : : : : : : : : : : : : : : :I 
1.5 cc . . . . ...... . .... .... .. ...... . ...........•.. . . · I 
Neutral ...... . ...... . ..... .. .•. ..... . ... . · •. . . ····· I 
I 
.108 
.129 
.138 
.186 
.l 88 
It may be pointed out that the lime content of a JUlCe is 
~h own by th e above figures to be least when no lime is nsed iu , 
clarification, gr eater when lime alone is used, and still greater 
where sulphur and lime is employ d, increasing with the amount 
' of sulphur. This is in accord with th e statement that a heavier 
sulphuring results in an incroase in th e amount of cal cium sul -
phi te in the juice. 
This point was brought out by special experime1i ts, where 
th degree of sulphuring was varied, the juic being limed back 
to a constant fin al acidity of .8 cc. 
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Acldlty of Sulphured Julee 
Jnl ce A. 5 cc .... .. ...... .. . . . . ................ .. . 
7 cc .......... ...... ... . . . .............. . 
9 cc ... ......................•...... . .... 
12 cc ...................... ......... .. . .. . 
Julee B. 4 oc ..... . ....... .. .. .. . ........ . ....... . 
6 cc .. ....... ... . . ... .. ... .. ......... ... . 
Gms. Cao 
per 100 cc. 
ClarJileµ Julee 
(x) 
.165 
.181 
.217 
.253 
.118 
I 
.147 
8 cc . .. ... . ........... . .... . .... ... ..... . .192 
I 
Effect Of Gertai11, Agents on Lime Content. 
. Experiments were also conducted, directed toward determin-
ing the effect of the addition to the juice of various substances 
Which have been said to re.move the lime. Sodium carbonate 
was first tested in this way. Clarifications of the juice were 
carried out in parallel, no carbonate being added to one sample, 
'.he raw juice in tl1e other ca"8e being treated with that substance 
111 the proportion o{ ·one and a· half pound per ton or cane. 
'l'he same amount of sulphur dioxide was added to each of the 
~~o Parallel samples and juices were in all c~ses limed back to 
itmus neutrality, and boiled and filter d. The following r e-
sults were obtained : 
Without Na.co . . ..... .. .... . .... .... ·I 
~ltti Na,,008 ••••••••• ••• ••••• •• •• 
Without Na 0 Co3 •••••••• •• •••••• • •• • ·/ 
-... With Na,,Oo3 •• • •••••• • •••••• • •• •• 
Without Na,Co3 •• •••• ••• • • ••••• • • •• ·I 
Wttn . Na,,oo • . ... . ... . . . .. : .... .. . 
-
I 
• 
I· I I 
I • 
Gms. Cao 
Sulphured to per 100 CIC. 
4 
6 
8 
Cla rltled Juice 
.118 
.097 
.lt7 
.123 
.192 
.171 
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Similar experiments with different amounts of sodium car· 
bonate added to th e r aw juice showed r esults as follows : 
Gms. CaO 
per 100 cc. Amount Na2Co3 added to Raw J u ice (pounds per Ton Cane ) Cla rified Juice 
(x) 
.254 0.5.. . .. .. ... . . .. .. ... . ...... . . ..... . .... . ... . .. . .. .246 1.0 . ... . ...... . ... .. .. .. .. . .. ...... . ...... . . .. .. .. . .239 
1.5.. . . • . • . • . . • • . . • • • • . . • • • • • • . • • • • • . . . • . • . • . . • • • • . .221 
2.0 . . .. .. . ... .. :. • • • • . . • • . . • • • • • • • • • • . . • • • • • . . . • • • • .216 
3.0 . . .. . ....... . .•.• • • • . •••.•• . . .•. • ' . . . • . . • • . • • • . • .186 
These results are in line with those of Herzfeld, Weisberg, 
Siqueira and others, on beet juices. These investigators found 
that the sodium carbonate only removes the lime very imper· 
fectly. Indeed, according to Herzfeld, even .one and a half 
equivalents of sodium carbonate are not nearly sufficient to pre· 
cipitate the lime, so that, as Rumpler remarks, ' ' a complete 
removal of the lime by this substance is not to be hoped for." 
The effect of phosphoric acid and sodb:µn ·phosphate on the 
lime content was also studied. From the results of the experi· 
ments it seemed that only a portion of the lime could be removed 
by the use of these. substances. 
In the phosphoric acid experiments the raw juice was sul· 
phured to 6 cc. and limed back (in the cold) to slight alkalinity. 
Thereupon small samples were taken and acidified with different 
amounts of phosphoric aoid and clarification completed by boil· 
ing and filtering. The following are the analytical results: 
J uice sulphured to 6 cc. a nd limed back to .S cc. acidity ha d lime content ot 
.172 g. Cao per 100 cc. 1 
Gms. CaO 
Su lphur d to 6 cc., Limed Back to Slight Alka lini ty, per 100 cc. 
P hosphoric Acid t o Cla rified Juice 
(x) 
.2 cc. acidity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .156 
.6 cc. acidi ty ..... .. . ... . . . . . ,. . . . .. .... . ..... . .. .. .161 
.8 cc. acidity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .152 
1.1 cc. acidity. . . . . . . . . . . . . . . • . . . . . . . . . . . . . • . . . . . . . . .145 
2.0 cc. acidity . . . . . .. . . . ...... .. ... . . . ~. . . . • • . . . . • . • .143 
3.2 cc. acidi ty . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . • . . .150 
(x) Uniform Brix. 
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In the ~odium phosphate tests, this substance was added to 
the hot juice just before filtration 01· settling. The raw juice 
Was sulphured, limed back to about .~ cc. acidity, and divided 
up into samples, a different amount oi sodium phosphate being 
added to each sample. The clarification was then completed by 
settling or filtering, and the lime content of the clarified juices 
determined. The following shows some of the results · obtained: 
Jufco sulphured to 6 cc.; limed back to ·.s cc.; bolled; sodlum pho
sphate 
a dd ed ; settled an d filtered. 
Amount Phosphate Added. Pounds per Ton Cane 
.2 
..... ····· .........
...................
.. ....... . 
• 4 • ••• ••••••••• •• • ••••• • •••••••• •• •• •• • • • •••• •• • •• 
.6 • ... ....•..... .. •..•.•..•.•••••.. •• ••. • •• ••.•• • . 
.8 .. .. .. .. . ...... .. ........ ..... ....... ........... . 
1.2 .•. .. ...•......••...••.•••••.•.••.•••••••.•••••. 
Gms. Cao 
per 100 cc,. 
Clarlf!ed Juice 
.132 
.126 
.121 
.120 
.123 
.119 
Other experiments were conducted in order to determine 
Whether more lime would be removed by the phosphate at a dif-
ferent final reaction of the juice. The raw- juice was sulphured 
to 6.5 ccs. acidity and divided into four portions; each portion 
Was limed back to fJ. certain acidity and divided into two sam-
ples. The one sample was boiled and filtered directly ; to the 
other an amount of sodium phosphate equivalent to .6 pounds 
Per ton of cane was added to the hot juice before settling or 
filtering. The effect on the lime content is seen from the follow-
ing results: 
CLARIFIED JUICE. 
Acldlty 
,7 cc ........ ... .................. . 
1.2 cc ............................. . 
2.2 cc ....... . ................ ...... . 
3.0 cc ............... . ... ... .. . .... . 
Gms. Cao per 100 cc. 
Without 
Phospnato 
.140 
,141 
.130 
.130 
With 
Phosphate 
.130 
.124 
.120 
.119 
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it was thus apparent that only a small percentage of lime 
was removed by the 11se of any reasonable amount of sodium 
phosphate, and that this percentage was about the same at any 
ordinary final acidity of the juice. 
CHAPTER II. 
THE CARBO ATION PROCESS. 
f!'he carbonation process is the most thorough methoQ. of ': 1~ritication known for cane or beet juices. In this process the 
~uic.e is llmed heavily, and brought back to neutrality with car-
onic acid. The heavy liming, and the large bulk of precipitate 
Produced in the process ensure a very complete clarification and 
i·emoval of impurities, and mobile clarified juices and syrups 
Which will readily allow of rapid filtration. 
The presence of invert sugar or "glucose" in the cane, how-
ever, makes the utmost ca~e neces ary in the application of the 
carbonation process to these juices. The destruction of the glu-
cose by the lime used with the production of substances of a 
dark colored, melassa~enic nature, must not be allowed to take 
Place. As this decomposition always oc~urs rapidly at elevated 
temperatures, the carbonation process for cane juices must mean 
~ clariflcation at low temperatures. This is in contrast to the 
eet Work, where the whole process of liming and carbonating 
takes place in temperatures not very far removed from boiling. 
Most of the work in the carbonation process has been carried 
out in Java, where indeed successful modifications of the beet 
~t~~ds have long been in extensiv used in ugar factories. In 
uis1ana the process has made very little headway. The fact ~hat the Louisiana juices are far richer in glucose than those of 
ava has been thought to prohibit the successful application of 
the Process to our conditions and indeed much experimental 
Work carried out at variou ~imes has seemed to confirm this 
View. The results of work done at the Experiment Station some 
Years ago were also unfavorable to carbonation. '·None of thesa 
~trongly alkaline clarifications at low temperatures", the report 
l) says, "wer~ found as beneficial as the methods at present ~0Pted in the sugar houses. The excess of lime, except where 
t. e l1eat was only 30°-40° C. (and unfortunately this clarifica-
tion was not completed), in every instance attacked the glucose 
---
(l) La. Bull. 91. 
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strongly, ·and the products formed were very injurious. Where 
·onccntration ~vas attempted it was found to darken the juice 
con iderably, while in attempting to evaporate to massecuite the 
lime salts ·o coated the coils and so retarded the circulation of 
11eal7 tl1at evaporation beyond a thick syrup was impossible.,. 
The results of the work of the past three •grinding seasons 
11ave shown that the ca1·bonation process can be successfully ap· 
plied to Louisiana juices, with the production of light, mobile 
clarified juices and syrups, and high grade sugars. Conditions 
of working were evolved under which the most satisfactory re· 
sults could be obtained, 
Preliminary E xperiments. 
Before giving details o:f the method o:f working, it will be of 
interest to discuss the preliminary work leading up to the later 
more practical experjments in the sugar house. In the first 
place a study of the d ecomposition o:f the invert sugar by lime 
was undertaken. A solution of sucrose and invert sugar, similar 
in compo ition to average Louisiana juices, was prepared. It 
consisted o:f 10 per cent. sucrose and 1.5 per cent. invert sugar. 
· Jn t~e experiments a portion o:f this solution would be · taken, 
limed to a certain concentration of lime, and kept at the desired • 
temp ratur . Samples o:f this mixture would be taken, after 
known periods o:f . time, neutralized 'and analyz d. In one series 
o:f experiments a concentration o:f 1.8% CaO was used; in an· 
oth r 1 ; and both series were carried out at a number of dif· 
feren t temperatur s. The results are to be found.in Tables 111 
and IV. 
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TABLE III. 
COrJgJnaI solution contained 8% sucrose, 1.5 % invert sugar, an
d 1.8 % CaO.) 
PER CENT REDUCING SUGARS. 
TEMP. 
No. Of M:inutes After d Liming Q 0 0 0 
. . 0 0 
0 
0 0 0 0 
0 
"' 
.... 
lO 
"' 
<-
0 
·· ··· .... ..... .. . 1.5 1.5 1.5 1.5 
1.5 
5 ..... 
............ 1.44 1.32 1.30 1.15 0.71 
!V : ; 
1.88 1.20 1.13 0.85 0.48 
1.24 1.12 0.90 0.67 0.36 
1.21 1.05 0.84 0.51 0.29 
1.17 0.93 0.68 o.38 0. 24 
1.04 0.75 0.4°2 0.28 0.21 
0.92 0.57 0.30 0.22 0.17 
T ABLE IV. 
(Original solution contained 10 % sucrose, 1.5% invert sugar, and 1% C
aO.) 
--
-
PER CENT REDUCING SUGARS. 
-~~~~~~~~~~~~~~
~~~~~----.,~~~~ 
TEMP. 
No. Of Minutes After 
Liming ci ci d ci 
d 
0 . 0 0 
0 
0 0 0 0 
0 
"' 
... 
,., 
"' 
.,.. 
0 1.5 1.5 1.5 1.5 1.5 5:::: ............. 
........ ····· 
1.48 1.36 1.33 1.10 0.84 
10 ... 
····· .. .. ····· 
1.42 1.22 1.17 0.94 0.53 
~:::: ::.:::::: 1.41 1.17 0.94 0.66 0.33 1.40 1.17 0.78 0.62 0.33 1.36 1.09 0.49 0.24 0.97 0.40 0.18 1.26 0.72 0.35 0.31 
These experiments show~d th-at the rate of decomposition in-
~·l'eases with both the temperature and the concentration of the 
ltne; at high temperatures .the rate of decomposition is very 
l':pid, the greater part of the "glucose" being destroyed durina ~ e first minute or two. A small percentage of the products of 
t'ecomposition seemed to be capable of reducing Fehling's solu·· 
~o~, and it is probably for this r ason that the rate of decompo-
sition appears to be much less rapid after the first few minutes 
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at 60° and 70° C. It is ' to be noted that the decomposition is 
only slow at 50° C. and still slower at 40° C., and moreover at 
these temperatures the production of dark colored substances is 
avoided. However, a slow decomposition still took place even at 
these lower temperatures; this is a fact which must not be lost 
sight of in the practical application of these results. 
·We have noticed that but little coloration was produced at 
the lower temperatures. This was a fact of importance, con· 
:firmed by subsequent work; at 40° -45° C. the products of 
decomposition were neither dark-colored nor melassagenic-and 
therefore it appeared that they would be harmless in their ef· 
fects on the juices and syrups. Besides this the rate of decolll· 
position ·at this temperature was only very slow, so that the loSS 
of glucose in the ·short period during which the juices remain 
alkaline in carbonation would be very small. 
Clarification with Jitices : Single Carbonation. 
Subsequent experiments wit,:4 juices confirmed these results. 
At temperatures above 50° C. the loss of glucose was great, and 
the juices became dark in color and high in ash content; while 
evaporation was only accomplished with difficulty. At tempera· 
tures of 40° C. and below, on the other hand, only a small loss 
in glucose was noted, and no darkening of the juice was pro· 
duced. In fact, the clear juices were of a light color, settling 
i·eadily, and yielding syrups which were easy to filter, and als0 
of a good color. 
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TABLE v. 
D. 74 STUBBLE. 
-
Claritlcatlon (t) 
., ., ., :.: (/) (/) (/) 0 
0 8 3- ..... ~ ... ;:l ~ 't: i: C) ;:l :::> 6 6 P< c. _. i:i:i U1 
A. 
llaw '"'~·· . ...•.•...... ... .....• .. . ... : . ··/"·• /a.65 1.25 8.53 84.2 
.Juice heated to 45 ° C., limed 2% CaO, carbon- I 
:o-- bonated to neutrall ty, a nd bolled .. ... .. .. 16.64 14.76 0.99 6.1 88.6 
B. 
Raw Juice .. . ... ... ......... . .. . .......... .. 17.4 14.65 1.25 8.53 84.2 
Juice heated to 45• C., limed 1 o/o CaO, carbon-
c 
ated to neutrality, a nd bolled ... .........• 17.3 5 14.9 0.95 6.37 85.9 .,,__ 
Raw Juice .. .... .... ....... . . . .. ... ~ .. .. . . .. 16.0 13.5 1.2 8.9 84.4 
Juke heated to 35• C., limed 2% Cao, carbon-
,,.___ a ted to neutrality , and bolled .. ..... ...... 16.4 14.1 1.0 7.1 86:0 
D 
Raw Juice . ....... . ....... . .. . ............ .. 15.15 12.3 1.3 10.6 81.2 
Jutce heated to 35 • c .. limed 1 % cao , carbon-
ated to n eutra lity, and bolled .. . .... ... .. . 15.6 12.85 1.0 7.7 82.4 
- -
Raw Juice ... ...... .. ........ ... ...... . ... .. 15.15 12.3 1.3 10.6 81.2 
Juice heated to 30° C., limed 2 % CaO, carbon-
ated to n eutrality, a nd bolled .. . ........ . . -~
15.4 12.95 0.9 6.95 84.1 
Preliminary sugar house experiments were carried out along 
the same lines in order that the conduct of the juices (clarified 
by this simple form of carbonation) might be observed during 
~"~Poration and boiling. We found no difficulty in boiling the 
Juices or syrups when the carbonation had been properly con-
ducted. If the alkaline juices were allowed to reach ·too high a 
temperature, however , serious boiling troubles were encoun-
tere·d. In one experiment the limed juiGe was accidentally al-
lowed to attain a temperature of 70° C. for a few minutes, and 
this resulted in a dark colored clarified juice which boiled very 
slowly in the effects, and a syrup which it appeared impossible 
to concentrate to massecuite, however much steam was used-
a syrup that refused to grain, or even to concentrate to beyond 
a certain density. The coils were noticed afterwards to be cov-
ered with a thick layer of calcium salt; and it thus appeared 
that it was the same difficulty we were encountering as was de-
" 24-' 
scribed in Bulletin 91. As 1rns been stated, however, such boiling 
troubles are avoided when the temperature of the alkaline juice 
is kept down to a suitable degree. 
Table VI shows the results obtained m tlie· preliminary 
sugai! house. runs. 
. TABLE VI. 
; 
' 
~ 0 
:::i :;::; 
00 «! 
Cla rification ( t> I .... ~ Remarks 0 
oil oil z '1l Ill Ill Ill !' 0 0 U1 0 
I i I< r.. <l ~ <l ·;:: ·;:: <l :::i :::i 
:::i (.5 0 (.5 :::i 
-
Ol 00 00 ~ -
.. 
A . . I 
R a w Juice . ..... . . . . ... . . . .. ...... is.2 8.s\2.0 2.4 22.8 66.6 Clarified . juice 
Juice heated to 45° C., limed with 1% ha d light yeJloW 
Cao , a nd ca rbonted to neutrality 12.7 8.512.1 2.1 24.7 66.9 color. 
I I ' 
B . (Clarified as a bove) . 
20. 7167 .5 Raw Juice ..... ...... . .. .... .. .. . . 12.9 8.7 1.8 2.4 
Clarified Juice ...... .. ........ . .... 12.9 8.6 1.5 2.8 17.9166.6 
I I ~ 
c. 
13.l 9.o 2.0!2.1 22.2ls8.6 R aw Juice . .... . .. . . .. ... . ... . ... . Cla rified jufce Cla rifi ed (§) Juice . . ... . ...... . . . . 13.5 9.6 2.0 1.9 20.8 71.0 r a t h e r Ugh ter D. 
Ra w Jute .. .. .... ... . . . .. ... ..... r2 .8 8.2 2.1 2.5 24:8 64.0 color than abo~~· 
Cla rifi ed "(§ ) Juice ... ..... . .. . . . .. . 12. 6 8.8 1.8 2.0 20.4 69.9 and more !lrnP · 
I I 
( t) On ly m ilk of lime was used In a ll ca rbona tion worlc. 
( §) Clar ifica tions C a nd D sam e as A a nd B, except that 2 % CaO was 
employ d 
The yrup from bbth these runs gave no trouble in the effects 
or vacuum pans, and "'ave a light color d massecuite and a good 
sugar. The advantage of using the additional lime was notice· 
able in the 'quality of the clarified juices, syrups and massecuites 
obtained. 
As far as the lo of ..,.lucose by the action of the lime is con· 
cerned, we found that this was always small when the process 
was carried out with despatch. 
~5 
Double Carbonation. 
Preliminary experiments on double carbonation were also 
conducted in the laboratory and sugar house, at several tempera-
tures, hll of course 'below what had been found to be the danger-
ous limit of 50° C. The clarifieation gave light mobile juices 
entir~ly lacking in the brown color which indicates glucose-lime-
salts. The' juiee , moreover, were easily evaporated to syrup and 
inassecuite. The suceessful avoidance of excessive glucose decom-
position, and of increase in the lime content of the juiceS', was 
also an encouraging factor. · · 
' ' In the doll!ble carbonation process, which is the method used 
. ~xclusively in beet factories, the limed juice is neutralized by 
the earbondioxide gas i:n two stages. In the first stage the 
,P1·ocess is stopped while the juice is still allr~line (about 1. 7 ccs), 
'and the juice seitled or filtered at this point. Th~reupon the clear 
· alkaline j~ice is' further · carbonated to neutrality, and heated 
a~d filtered again; The advantages claimed for this process will 
.?e discussed later; they consist mainly in a greater removal of 
impurities, and a greater security that the clarified juice will 
.not be injured by slowly dissolving particles of lime. 
I • 
. j 
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TABLE VII . . 
D. 7 4 STUBBLE. 
-
... 
~ 
Clarlticatlon Cl> Cl> ::i 
"' 
., ., UJ Ul 1Jl 0 t> ~ 0 0 o-~ .... () 'O ..... () ..... r ~ "' ::i ~z .:! ~ ::i 6 ~ t!I ~ tp I:!) 
-A. 1 
.6561 .728 Raw Juice .. ......... .. ....... . 15 .6 11.7 2.2 1.7 18.8 1li.o 
Juice heated to 48 ° C., limed with 
2% llme, carbonated to 1.4 
cc. alkalinity .............. 14.5 11.3 1.2 2.0 10.62 77.9 .500 ,363 
Filtered juice rellmed with 0.2% 
llme, carbonated to neutral-
lty, heated to 80° c .. filtered. 14.2 14.4 1.2 1.6 10.52 82.2 .494 .269 
B. 
Raw Juice ..... , ................ 15.6 11.7 2: :i 1.6 18.8 75.0 .656 .728 
Juice heated to 48° C., limed with 
1 % llme, carbonated to 1.6 
cc. alkalinity ............... 14.9 11.4 1.7 1.8 14.91 76.6 .487 .684 
Filtered juice rellmed with 0.15% 
lime, carbonate<;! to neutral-
lty, heated to so· c .. filtered. 13.5 10,5 1.4 1.6 18.38 77.7 .454 .4 57 
----
c. 
Raw Juice .... . .. ... ...... ... .. 16.7 12.5 1.85 2.35 14.8 74.8 .303 .744 
Juice heated to 42° C., limed with 
1% lime, carbonated to 1.2 
cc. alkalinity ...... ...... ... 14.6 11.6 1.19 1.S 10.3 79.4 .369 .564 
Filtered juice rellmed with 0.2% , 
lime, carbonated to neutral-
lty, heated to so· c .. filter d.14.5 11.7 1.24 1.55 10.6 S0.6 .303 ,3 92 
-D. 
R,aw Juice ..................... 16.1 12.1 1.3 2.7 10.7 75.2 .421 .... 
Julco heated to 30° c .. limed with 
2 % llm , carbonated to 1 cc. 
alkalini ty .... ............. 13.6 11.0 1.1 1.5 10.0 S0.9 .514 ... . 
Filtered juice rellmed with 0.2 % . 
.4451 ... . 
lime, carbonated to neutral-
lty, bolled ................. 14.4 12.0 1.1 1.3 9.2 83.3 
I 
A. 
B. 
c. 
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TABLE VIII. 
(Sugar Houso Experiments ) 
:>, 
... 
Description ~ :s ., 
;a ~ x ~ ;:: < i:Q 
Raw Juice .. .................. 1.6 .... 13.1 
First carbonation... . . . . . . . . . . . .. . . 1.5 13. 7 
Second carbonation .................... 15.0 
Syrup (from A, B and C) ...... 60.2 
I 
Raw Juice ................. . , . 2.0 .... 14.3 
First carbonation.. . . . . . . . . . . . . 1.6 13.8 
Second .carbonation .................... 14.4 
Syrup (from A, Band C) ... . .......... 60.2 
I 
Raw Juice . . . . . . . . . . . . . . . . . . . . 1.8 .... 14.4 
First carbonation... . . . . . . . . . . . .. . . 1.3 13.9 
Second carbonation .................... 13.9 
Syrup (from A, Band C) .............. 60.2 
. 
4> 
Ill 
0 
... 
~ 
(/J 
9.5 
10.2 
11.3 
47.8 
48.9§ 
10.6 
10.8 
11.2 
47.8 
48.91 
10.3 
lU 
10.8 
47.8 
48.91 
a 
llD 
4> ::s 4> 
Ill (/J 
"' 0 ~ 0 ~ c; o-0 o""' 
.:! =z .:!~ .. C!l 8J C!l &! 
1.2 2.4. 11.3 72.3 
1.0 2.5 9.8 74.5 
1.2 2.5 10.6 1U 
4.3 7.0 8.7 79.4 
1.2 2.5 11.3 174.2 
.9 2.3 8.5' 76.8 
.9 2.3 8.0 
177.8 4.3 7.0 8.7 79.4 
I 
1.2 2.4 11.6 71.6 
1.3 2.2 12.5 74.9 
1.3 1.8 12:0 77.6 
4.3 7.0 8.7 79.4 
I 
(From A, Band C.) 
7.4.... 9.10 87.9• First Masseculte ...... . ............... 92.6 73.8 
91.2t 80. 77 § 
First Molasses ........................ 78.4 46.0 11.4 .... 2S.4 65.1• 
76.22t 48.63§ 
..................................... 96° ........ 
96.371 
Sugar .6251 ..... 
I 
§Sucrose Clerget. tRefractoineter . •True purity. 
j 
. I 
'(' Al\ I ,\,; J X. 
\o\1:1i;ar llouso Experiments (Double Carbonation). 
-
-
D. . I Raw Juice ....... . . . .. . . . 
.Clarlfled Juice ....... . . .. . 
E. I 
' R aw Juice . . . .. ... . .. . . . . . 
Clarifi ed Juice ....... ... . ·I 
F. I Raw Juice . ... . . . .... . .. . 
Clarified Juice . .. .... ... . . 
Raw Juice .. ..... .• : . . . . . 
Clarlfled Juice . .. .. ..... . 
>< 
·;:; 
l':Q 
15.7 
1,.6.4 
15.4 
16.7 
15 .5 
14.3 
13.9 
12.8 
G. l 
·---
H. Raw Juice ..... . ....... . · l 
Clarified Juice ... ... . .. .. . 
Masseculte. / 
(5 ~larlflers) .. . . .. . ..... 
1 
t Clerg t. 
14.9 
15.6 
91.6 
"' U/' 0 ,_ 
CJ 
" rn 
12.1 
13.1 
11.6 
13.7 
11.9 
11.7 
"' Ill 0 
CJ 
" 6 
1
1.5 I 
1.33 l 
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From Table VII, VIII, and IX the re ults of some laboratory 
and ugar hou e xperime.nts may be seen. 
After these preliminary experiments had shown that under 
special conditions sugar could r adily be made from Louisiana 
juices by the carbonation proce , a thorough study was made as. 
to the condition of carrying out the process for local cane. This 
work and th conclusions resulting therefrom will now be dis-
cussed. 
Temperatiwe. 
The temperature employed in the carbonatio11 process should 
be betwe n 40° and 45° C. b tter clarification results at this 
point than if a low r temp rature is used; a higher temperature 
must not be employed, however, owing to the danger of the 
glucose being decomposed by lime, and melassagenic products 
·being formed . . A juice heater can be used to give the raw juice 
the de ired temp rature; this can readily be arranged so that no 
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Particular attention to it . will be nece sary on the pa'rt of tl1e 
clarifier man. 
Liming oncl Ca1·bonating. 
As to the limfog, laked lime must of course be exclusively 
used for this purpose. The addition of unslaked lime to the juice 
Would set up local rises in temperature which would seriously 
a.ff.e t the color of the whole juice. For the same reason the slaked 
lune hould be well slali:ed. Moreover, the lime cream must be 
entirely smooth and free from lumps. The use of carelessly 
?repared milk of lime is dangerous in the sulphitation process; 
in carbonation it is almost fatal. With single carbonation many 
of the small lumps will only break up during the heating subse-
quent to the saturation, so that the juice which appeared to 1be 
neutral before heating will develop a serious alkaline reaction 
during this process, to the great detriment of the clarified· juice. 
~n t~ double carbonation the effects will be less serious, as the 
hme particles will probably dissolve during the filtering of the 
first car'bonatio:q juice, and so will be neutralized during the 
second saturation. However, a large increase in the alkalinity 
of the first carbonated juice will be produced, and thus an un-
certainty will ·be given to the process which is not conducive to 
the best results. We have always found it well to pass the car-
bonic acid gas into the juice a little before and during the addi-
tion of the lime cream. This is a very simple way of ensuring a 
thorough mixing of the lime with the juice. Carbonation must . 
be conducted in sp~cial t~nks, which are only filled rubout half 
full with juice, for considerable foaming is to be expected during 
saturation. If the foaming is too strong it can 1be blown down 
by m ans of a jet of air, or steam, or carbondioxide gas. 
The foaming tak s place during the latter part of the satura-
tion; the juice becomes gelatinous and only absorbs the gas with 
difficulty. t a later tage, however, the juice loses this viscosity. ' 
'l'he jui e first settl s r adily when the alkalinity has been re-
duc l to about 1. cs. In the doub!e carbonation process the 
juic is filtered at this point and thereafter recarbonated; in the 
single method the aturation is completed before filtering. 
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Sing'le vs. Doubie Oa-rbonation. 
Single car1bonation was not until recently considered to be a 
white sugar :process; we found, however, that very good results 
were obtainruble by this method. But it cannot ·be denied that the 
double carbonation is advantageous in some ways. In the first 
place, it has long been known that some small proportion of im-
purities which are precipit~te.d by the lime will be redissolved if 
the juices are made neutral before they are filtered off- hence, the 
desivability of filtering the juice before the neutrality point is 
reached. Recent work in Java has shown, however, that the pro-
portion of such impurities is much smaller and of less importance 
than it was thought to be. · 
The other advantage is that it supplies an insurance against 
the results of using inferior lime cream; for the effects of this 
error, as we have seen, are not so serious with double as with 
single carbonation. 
On the side of single car1bonation is simplicity and greater 
cheapness. The equipment and labor expenses are lower, and as 
the juice becomes completely saturated within a few minutes of 
liming the glucose loss is reduced to a smaller mimmum than 
would ·be possible with the double process. Moreover, the loss of 
sugar in two filtrations is found to be greater than in one only. 
Another factor lies in the amount of lime it will be necessary 
to use. In double carbonation the muddy first saturation juice 
must be filtered at a temperature below 50° C, and no steam 
may be employed to hasten the filter-press work. The juice .has, 
in fact, to be pressed through the filters 1by means of a force · 
pump or air pressure. The minimum amount of lime to be used 
is determined in this as in all cases lby the quantity .required to 
give a hard filter-press cake; and under such conditions of filtra-
tion this q~antity must necessarily be rather high. In our experi-
ments we found it to be 'between 1 % and 2%%. In ordinary 
single carbonation, on the other hand, a smaller proportion of 
lime is sufficient, as the juice is heated •before filtration. We 
found that three or four-tenths per cent of lime was often enough 
to insure a hard filter-press cake. For other reasons, however, 
the use of a large quantity of lime was desirable ; in this way 
a better removal of impurities was assured, and a clarified juice 
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of better color, greater mobility, and smaller lime content was 
obtained. But even then less lime was necessary in the single 
than in the double carbonation. 
Both Processes Successful in Louisiana. 
. Bowever, the experiments designed to show whether the 
single and double carbonation processes could be applied to 
Louisiana juices with success led to an affirmative answer. After 
heating to 40° C and liming, the single carbonation was carried 
out as follows: The limed juice was carbo:o.ated to neutrality 
to Phenolphthalein, and the supply of gas thereupon shut off for 
a few minutes, wliile the juice was allowed to stand in the tank: 
Any lumps contained in the lime cream would dissolve during 
this :Period, and the juice would become alkaline once more, which 
alkalinity had to be removed by a further supply of gas. During 
the later stages of the subsequent heating the reaction would be 
ca~efuUy observed, and more gas added if alkalinity set in. 
With Well prepared milk of lime, however, this reversion to 
alkalinity occasioned little trouble. 
The juice would be heated nearly to boiling and filtered. 
In the double carbonation, the heated raw juice would receive 
the necessarily heavy liming, and the saturation continued to 
the Point where the juice begins to settle well. The alkalinity 
"'
0
uld then be determined and brought to a point between 1.2 and l.~ ccs alkaline. The muddy juice was then filtered, an air pump 
belllg used to give the requisite pressure to the press~s. The 
filtered juice was then car.bonated to neutrality, 'boiled and :fil-
tered. 
With both processes care had to be taken to avoid a consider-
able over-carbonating of the juice, as that would have entailed 
the Presence in the juice of 1bicarbonates. These would decom-
Pose during evaporation and yield calcium carbonate, which 
would coat the tubes of the effects . 
. If it is preferred to settle the juices and filter the scums only, 
this method is entirely practicable with both single and double 
c~rbonation; in fact, a proper and complete settling is an indica-
tion of the efficient working of the process. 
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Lime Content of Carbonated Jiiices. 
A special study was made of certain features of the carbona-
tion process, with interesting results: 
A study of the lime content of juices clarified by single car· 
bonation showed that the clarified juice contained less dissolved 
calcium salt, the more lime was used in the clarification. For 
example, samples of a raw juice containing .062 gm. CaO per 
100 cc were limed at 42° C with different quantities of lime, 
and carbonated to neutrality according to the single carbonation 
method. The filtered clarified juices were analyzed quantita· 
tively for lime, with the following results: 
Amount Lime Used In Clarlftcatlon 
.4 % . ....... ... .. . .. . . . ...... . ............. ... ... . 
1.0 % . . . .. .. . • ...... . ..•.. . ......................•• 
1.3 % . . . . .... ... ..... . ..............•.•. . ..•..•.•.. 
2.0 % .. . .•..... . .. .. . .... • . . ................... . ..• 
3.0 % . ..... ... .. ... .• . .. . . . . ..... . ..•..... . ......•. 
( t ) Calculated to a uniform basis of 14 ° Brix. 
Gms. CaO 
per 100 cc. 
Clarlfted Juice 
<t> 
.086 
.053 
.047 
.082 
.010 
Similar results were obtained in many experiments; they are 
also in line with similar work carried out in Java. They are 
especially interesting in view of the fact that in sulphit.ation 
the clarified juices always contain more calcium salts the more 
lime is u'sed in clarification. 
MocUfications of the Ca1·bonation Process. 
Many modifications of the carbonation process were studied. 
The possibility of reducing the necessary amount of lime has at· 
tracted much attention in .beet work, and many ideas suggested 
in the beet literature were tried out, without very encouraging 
re ults, however. P erhaps th most successful was a proposal 
of Steffen to follow the liming by a few minutes of aeration be· 
fore carbonating. 1Steffen claims that this allows of a reduction 
of the amount of lime u ed without reducing the efficienc of the 
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elarificat · h . ion or t e harclne of the pr s-cak , and his claims 
appeared jnstified in some degree by otrr experiments. 
Acid Cla1·ifications With Ga1·bonation . 
. ~hen the experiments on carbonation were commenced, the 
Pl·oces. in use in Java ntailed the juices being carried neutral 
through the house, in order that inversion might be entirely 
avoided. We confined our investigations at :first to a nen,tral 
clariflcation, following the Java method, a.nd obtained .satis:fac-~ory results with the local canes. But tbe old-established Louis-
iana custom of carrying juices slightly acid, when high grade 
sugar is to be manufactured led us to investigate the results of 
·'d ' 
aci ifyin()> carbonation juices. We did this in two ways: by 
. adding the acid either before or after the :filtration of the fully 
carbonated juice. 'I'he well larified carbonation juices attained 
a very much improved color when acidified in either of these 
two ways, the results being b tter when the acidification took 
Place before rather than after filtration. Sulphur dioxide, or 
Phosphoric acid was used to impart to the juices the desired 
a 'd ' 
'ci ity; this was two or three tenths of a cc. to phenolphthalein 
When the muddy juice was acidified, and . or 1.0 cc with the ~l~ered juice. P rhaps the best effect was obtained when the 
Jlli e Was treated with a slight amount of acid ,before .filtration, 
and the acidity of the filt ered juice further increased to 1.0 cc 
or thereabouts. 
. While this work was going on, the whole question of acidity 
Jn carbonation received a very thorough investigation and ex-~lanation at the hands of Harloff, of Java. He emphasized the 
lllliportance of tl.te alikalies always present in cane juice, in 
their behavior during the ciari:fication process. He pointed out · ~hat free alkali would be liberated on the addition of lime to the 
Jllices-e. g., K. org. acid salt + Ca (OH) 2 = Ca. org. acid salt 
-+- !{ 0 H-and that this along with the lime would be con-
verted to carbonate during carbonation: Ca(OH)2 + 2KOH+ 2 
.002 = !{~ 0 3 +Ca 0 3 + 2H20 . Only a portion of the potash 
Will be present a carboate how ver; the r st will be lmited to 
oi·ganic acids of the juil\e : 'ca. organic acid alt + K200a = R. 
or~anic acid salt + Ca0 o8 • Th us :when the correct end-point of 
• 
34 
the carbonation process is reached-i. e., when all the lime has · 
been converted iuto carbonate-there may be present in the juice 
a small quantity of potassium carbonate. ow, if cane j~ice:. 
are heated up with potassium carbonate, the glucose will be 
.attacked jn the same way as, but more slowly than, with caustic 
alkalie . The most important result of this reaction will be 8 
darkening of the clarified jujce, which darkening will persist in 
the syrups and massecuites. The alkaline carbonate cannot be 
removed by over-carbonating; such a method will only bring 
about the formation of the acid 1potassium bicarbonate, which 
will revert to carbonate again on heating. 
The fact that this darkening is only slight in ordinary cat· 
bonation .is due to the very limited amount of potassium car-
bonate present in the saturated juice. In fact, as we have seen· 
from the equations given, if the content of organic acids is high, 
the potash may be united with these entirely. It may be said, 
however, that even these organic salts of potash may have a sligllt 
discoloring effect on the juice by t~eir action on the glucose pres-
':mt when heated. 
Harloff has modified the ca11bonation process to eliminate the 
possibility of free ca1•bonate being present in the boiling juice. 
In the acid-thin-juice process, as the new Java modification i9 
called, the completely saturated juice-in either the single or 
double carbonation-is filtered · at the comparatively low temper· 
ature of 70° C. Thereupon the clear juice is treated with sul· 
phur dioxide until the point of litmus neutrality ( .7 to 1.0 cc 
acidity to phenolphthalein) is reached. Only after this is the 
juice allowed to attain boiling temperatures. In this way' the 
pota ium carbonate is converted into the harmless neutral su1-
. phite before the dangerous temperature is reached, and the glu-
co. e decomposition and darkening of the juice is entirely avoided. 
In our experiments we tried out this modification of the car· 
bonation process with Louisiana juices with entire success. Tbe 
juices and syrups 01btained were of a lighter color than those 
from the ordinary method, even when these were brought to 
litmus neutrality with sulphur dioxide after boiling and filtering. 
The need of filtering at 70° C, however, necessitated the use of 
a large amount of lime in single carbonation-ll/2-21;2% being 
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required. However, providing sufffoient lime was used, the acid-th · . 1
n-juice process gave good results with both single and double 
carbonation. 
We have already d scribed our attempts to carry the juices 
acid in the carbonation process by acidifying slightly before :fil-
tr~tion with sulphur dio~ide or phosphoric acid. It may be here 
Pointed out that the pos ible presence of alkaline carbonate in 
the saturated juice· was obviated in this way: 
I(l2COa+S02 = K2S08+C02 • 
It is recognized, however, that it would be unwise to attempt 
t~ sulphur to litmus neutrality at this stage, as a serious re-
dissolving of the precipitate would result. But we obtained 
good results by sulphuring the m,uddy juice to slight acidity, 
(say, .2 cc) , then boiling and settling or filtering, and thereafter 
su}~huring further to a higher acidity ( . -1.0 cc). These e:x-
P~riment.s were conducted during the past grinding season, and 
WiU be repeated during ·the coming year. The results obtained 
~ere very encouraging, for if the presence of alkaline carbonates 
Jn the hot juice can be avoided by sulphuring s'Vightly before filterin()'~ the juice can then be boiled 'before filtration, and the 
amount of lime necessary (in single carbonation) very much 
1·educed. 
Eco1wmic ·Aspects of Carbonation. 
We have thus seen that modifications of the carbonation 
Process can be applied with succes to Louisiana cane. The nec-
essarily limited scale of our work prohibits us from any thor-
ough discussion of the economic aspects of the process. We may 
say at once, however that it is considered too expensive and too th ' . 
buorough. a method to ·be employed in the manufa_cture .of any 
t the ·highest grade of plantation sugar. In making this class 
of sugar, the relative manufacturing costs of the carbonation and 
SUlpb"t t• "d d b J i a ion processes, per pound of sugar, are co~s1 ere . y 
· S. de Haan of Java to be about the same. This authority 
:ates that, while the cost of clarification, etc., is slightly higher 
Y the carbonation process, a greater yield of sugar is obtained 
• 
from a given weight of juice, and this increased yield Qf better 
quality sugar almost, if not quite, corn.pensates for the extra 
co~t of manufacture. 
The popularity and extensive use of the process in Java. 
would go to show its efficiency and economy, for the verY 
careful control kept and the comparatively low margins of profit 
. enjoyed, make it necessary that the employment of the process in 
prefer nee to others should be entirely justi£ed by results. 
Whether it would be equally justified in this State we have not 
yet enough data to determine. 
37 
CHAPTER III. 
SYRUP TRE TMEN T. 
In the manufacture of white ugar it is very essential to have 
the syrup which is taken into the pan as clear and free from sus-
Pe~ded particles as possible. A clarified juice, carried slightly 
a~id, which has bee~ very carefully filtered before evaporation, 
~~11. give a syrup which is very fairly free from suspended impur-
ities. This is a generally recognized fact in Louisiana, and our 
experiments have confirmed the view. It is therefore extremely 
desirable to make the clarification and filtration of the juice 
as Perfect as possible, especially if the facilities of the factory · 
do not allow of adequate treatment and manipulation of the 
syrup. 
In houses where the whole juice is not filtered at least once, 
the syrup i likely to 1be fairly clouded with suspended .matter, 
at least now and then and this will undoubtedly be detrimental 
to th ' · 
e quality of the sugar obtained. It would appear there-
fore that in the endeavor to turn out the highest grades of sugar 
the removal of mechanical impurities from the syrup would ·be 
essential where juice filtration is not carried out, and often bene-
fi cial where this practice obtains. 
R emoval of Sitspended Matter. 
A. serie of exp riments was planned to determine how best to 
relllove the suspended matter in syrups. Syrups from juices 
clarified by double carbonation or a thorough single carbonation, ~ere found to filter well th1'Qu~h bag or other mechanical filters. 
1 u~phitation juices, on the other hand, yielded syrups which, · 
while lllore in need of filtration than those from carbonation, it ~vas not possible to :filter successfully. Settling . had therefore 
0 be resorted to. Experiments showed that even this operation ;"6~ very difficult if the syrup was more concentrated than about 
h' ~eaume. It was, moreover, easier to settle the syrups the 
I igher the temperature to which they were heated before settling. 
11 
our experiments the syrups were heated to at least 70° C, and 
.. 
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suitably small portions of various settling agents added, allow-
ing the syrup to settle during a limited time. The results indi-
cated that most uccess was obtained with common sodium phos-
phate, usinO' l or 2 parts ( ilissolved in a small quantity of 
water) to 10 ,000 o:f syrup. he syrup thus treated settled well, 
u ually within three or :fol.. hours. The scums were mixed in 
with the raw juice, this being :found to be the best way of dis-
po ing of them. 
Chemical T?·eatment. 
The syrup stage offers an additional and last opportunity, in 
the sugar-making process for further purification and treatment, 
and it is doubtful whether this opportunity can be allowed to 
go neglected. After the removal of mechanical impurities, this 
consists in the further bleaching of the liquor, if it :i:s· not already 
too acid, before it enters the boiling process. Hydrosulphites have 
been much used for this purpose, but in our experience their 
bleaching influence is too temporary. to justify their use at any 
stage before th!l graining point in the pan. Sulphurdioxide or 
phosphoric acid are the agents most suitably employed in the 
syrup treatment. Too much of either must not be used at this 
stag , however; depending on how acid the clarified juice was 
·originally, the quantity of additional acid that may be used will 
be greater or less. A considerable and permanent improvement 
in color can usually be obtained with either sulphur fumes or 
phosphoric acid. Careful r.hemical control is desirable to insure 
that inversion is avoided. 
We may thus sum up our conclusions on syrup treatment as 
follows: 
Clarification by ,Carbonation. 
The juices are usually :filtered at least ouce in this process, 
and o the syrups are fairly free from suspended particles. If 
:filtration is considered necessary, it can be carried out by means 
of bag or mechanical filters, without trouble. The filtered syrup 
will be improved by a slight sulphitation or treatment with 
pho phoric acid, and this treatment should not be omitted unless 
the syrup is already too acid. 
• 
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Clarification by Sulphitation. 
If the juices were not filtered, some settling of the syrup will 
be necessary for white sugar-making, and even if filtration of 
the whole juice is practiced such settling will usually be of ad-
vantage. The addition of sodium phosphate to the syrup is 
beneficial in promoting settling. These syrups also are improvea 
by slight ulphuring, or the addition of phosphoric acid, pro-
viding the initial acidity of the syrup is not too high to allow 
of this . 
I 
